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Description 

Method for fabricating a semiconductor memory component 

5 The invention relates to a method for fabricating a 
contact hole for a semiconductor memory component, in 
particular a DRAM or an FRAM, having a silicon 
substrate, an intermediate dielectric layer arranged on 
said substrate, an upper layer made of a ferroelectric 
10 material or made of a material having a high dielectric 
constant being arranged on said intermediate dielectric 
layer . 

Depending on the chip design or the chip layout, it is 
necessary, in a large scale integrated DRAM or FRAM, 
when using materials having a high dielectric constant, 
for example BST (BST stands for Barium Strontium 
Titanate) , and ferroelectric materials, for example SBT 
(SET stands for Strontium Bismuth Tantalate) , to etch 
through these materials during the plasma etching of 
the contact hole to the silicon substrate. In this 
case, contamination of the monocrystalline silicon 
substrate which is uncovered at the bottom of the 
contact hole must be avoided in order to prevent an 
adverse effect on the selection transistor of DRAM or 
FRAM. 

For this purpose, it is known to carry out two 
lithography process steps or two lithography levels. In 
30 this case, in the first lithography process step, a 
window is produced in the ferroelectric layer by plasma 
etching using a resist mask. In the second lithography 
process step, the actual contact hole is thereupon 
etched down to the silicon substrate using a new, 
35 smaller resist mask. Although this conventional method 
leads to the aim of avoiding contamination of the 
bottom of the contact hole, it is nonetheless very 
complex on account of the use of two lithography 
process steps or lithography levels. 
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DE 43 4 0 419 C2 discloses a method for fabricating a 
semiconductor device having an insulating layer in 
which a contact hole is formed. In this known method, a 
5 photoresist perforated mask is formed on the insulating 
layer and anisotropic etching is carried out to form 
part of the contact hole whilst leaving a residual 
layer thickness of the insulating layer. Furthermore, 
the photoresist mask is removed and a TEOS layer is 

10 deposited on the resulting structure. The TEOS layer is 
then etched anisotropically in order to remove the TEOS 
layer at the bottom of the partial contact hole. 
Afterward, the contact hole is completed by means of an 
etching process, the contact hole having a 

15 configuration in which the opening diameter increases 
through the upward direction. 

DE 195 28 74 6 CI discloses a method for producing a 
silicon dioxide layer on surface sections of a 
20 structure with sidewall sections and a bottom section. 

Accordingly, an object of the present invention 
consists in providing a method of the type mentioned in 
the introduction which leads to the aim with a 
25 simplified, i.e. a single, lithography process. 

This object is achieved by the subject matter of claim 
1. Advantageous developments of the invention are 
specified in the subclaims. 

30 

In other words, the method according to the invention 
is based on the use of an organic mask layer which is 
stable at high temperatures, preferably made of 
polyimide or photoimide and on the partial etching of 
35 the dielectric material layer (intermediate oxide) in 
combination with the etching- through of the overlying 
layer made of the material having a high dielectric 
constant or the ferroelectric material. A depression is 
thereby achieved in the dielectric layer, except for a 
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residua i layer thickness- which is less than or equal to 
the residual thickness of the mask layer after the 
etching step. 

According to the invention, the depression is thereupon 
sealed laterally by conformal deposition of a layer 
made of Os/TEOS-SiOa (TEOS stands for tetraethyl 
orthosilicate) . The process temperature required in 
this case is typically 400''C and is tolerated by the 
perforated mask layer which is stable at high 
temperatures, without degradation effects. 

An oxide etching thereupon uncovers the bottom of the 
depression in a manner similar to that in the case of a 
spacer etching, said bottom thereupon being lowered 
down to the bottom of the contact hole by etching. 

The organic layer furthermore serves as a perforated 
mask and is subsequently removed. 

This is advantageously followed by selective renewed 
deposition of 03/TEOS-Si02 for the purpose of sealing 
exclusively the lateral wall of the contact hole and 
the surface of the wafer, with the bottom of the 
contact hole being spared. This is followed, in a 
manner known per se, by contact hole af tertreatment for 
removing silicon substrate material that is possibly 
damaged, and metallization of the contact hole. 

The method according to the invention thus proceeds 
more simply than the conventional method with regard to 
the lithography process. 

The invention is explained in more detail below by way 
of example using exemplary embodiments with reference 
to the drawings. 


In the figures: 
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diagrammatically show the sequence of 
steps of a conventional method for 
fabricating a semiconductor memory 
component using materials having a 
high dielectric constant and 
ferroelectric materials, and 

diagrammatically show the sequence of 
steps of a method according to the 
invention for fabricating a 
semiconductor memory component using 
materials having a high dielectric 
constant and ferroelectric materials. 

In order to provide a better understanding of the 
invention, firstly an explanation will be given, with 
reference to Figures lA to ID, of a conventional method 
for fabricating a semiconductor memory component using 
materials having a high dielectric constant and 
ferroelectric materials. This conventional method 
requires the use of two lithography levels or 
lithography steps. 

The first lithography level is shown in Figures lA and 
IB, and the second lithography level is shown in 
Figures IC and ID. In accordance with these figures, 
the semiconductor memory element is constructed from a 
silicon substrate 11, whose exact structure is not 
shown, and on which a dielectric layer 1 is arranged, 
the underside of which adjoins the top side of the 
silicon substrate 11. This boundary layer is designated 
generally by the reference numeral 2 in Figures lA to 
ID. 

The top side of the dielectric layer 1 is adjoined by a 
continuous layer - in Figure lA - having a high 
dielectric constant (or a ferroelectric layer) , which 
is generally designated by the reference numeral 3. The 
layer 3 is composed, for example, of BST (EST stands 


Figures lA to ID 


Figures 2A to 2G 
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for Barium Strontium Titanate) . A ferroelectric layer 
3, by contrast, is composed, for example, of SBT (SET 
stands for Strontium Bismuth Tantalate) . 

5 The top side of the layer 3 having a high dielectric 
constant is firstly covered completely by a resist 
layer 4 . This resist layer 4 is converted, in a known 
manner, into a resist mask (perforated mask 4) having a 
multiplicity of openings 5. The opening 5 serves for 
10 etching a window 6 into the layer 3 having a high 
dielectric constant, as shown in Figure IB, which 
already shows the result of the next method step 
resulting in the removal of the resist layer 4. This 
resist removal step is also known as resist stripping. 

15 

As shown in Figure IC, a resist layer is again applied 
to the surface structure of Figure IB, which resist 
layer is generally designated by the reference numeral 
7 and is converted, in a known manner, into a resist 

20 mask having perforations at the locations at which a 
contact hole is intended to be introduced into the 
dielectric layer 1. This contact hole is produced by 
means of the second lithography level by etching the 
dielectric layer 1 with the aid of the resist mask as 

25 far as the boundary layer 2, as shown in Figure ID, 
which already illustrates the result of the next step 
according to which the resist layer 7 is completely 
removed . 

30 The etching steps explained above usually involve 
plasma etching. 

The contact hole, which is generally designated by the 
reference numeral 8, has a typical structural size or a 
35 diameter di of 0. 6 ^m and is thus approximately half as 
large as the window 6 having the diameter d2. These 
dimensions are not obligatory, however, but rather are 
chosen only by way of example. 
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What is achieved by the method steps expressed in 
Figures lA to ID is that the bottom of the contact hole 
8 (Figure ID), i.e. that surface of the monocrystalline 
silicon substrate (boundary area 2) which is uncovered 
5 by this contact hole, is not contaminated. In the case 
of a direct etching (i.e. when using a single 
lithography mask) as far as the Si, the plasma would be 
contaminated, and thus so, too, would the 
monocrystalline silicon substrate. In order to prevent 
10 an adverse effect on the functioning of the 
semiconductor memory component, the silicon substrate 
must not. be contaminated. 

The method according to the invention for fabricating 
15 the semiconductor memory component under discussion 
will now be explained with reference to Figures 2A to 
2G. The method according to the invention differs from 
the method explained above with reference to Figures lA 
to ID by the fact that one lithography level or one 
20 lithography step is obviated. Accordingly, the method 
according to the invention is based on a single 
lithography level . 

Insofar as the structure shown in Figures 2A to 2G 
25 corresponds to that of Figures lA to ID, the same 
reference numerals are used. 

Figure 2A corresponds to Figure lA with the difference 
that, in the method step shown in Figure 2A, a mask 

30 made of conventional resist is not used, rather a mask 
generally designated by 4 ' - made of an organic 
materialf such as, for instance, polyimide or 
photoimide, is used, the mask material being stable 
relative to a layer made of 03/TEOS-Si02 which is 

35 deposited in the later method step in accordance with 
Figure 2C. 

The method step shown in Figure 2A is followed by the 
method step shown in Figure 2B, which, using the 
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opening 5, implements the etching both of the layer 3 
having a high dielectric constant and of a depression 
8* into the dielectric layer 1, which can also be 
referred to as partial etching in the sense of the 
r conLcCt hole & of Figure IC. In the etching step shown 
ir. Figure 2E, the mask layer 4' is additionally removed 
LG an extent such that a mask layer thickness dp 
remains, which is greater than the residual thickness 
do between the bottom of the depression 8' and the 

10 interface 2 with the silicon substrate. For the 
subsequent process steps, it is essential that the 
perforated mask residual thickness dp be greater than 
or equal to the dielectric residual thickness do: dp > 
do". However, this last is not absolutely necessary, but 

15 rather only by way of example. What is essential is 
that the selectivity of the subsequent etching step 
allows do to be etched with a mask of thickness dp. 

In the next process step, shown in Figure 2C, a layer 
2C made of O3/TEOS-Si02 is deposited onto the structure of 
Figure 2B in a highly conformal manner, which layer 
also lines the depression 8'. This layer is designated 
by the reference numeral 9. The purpose of the layer 9 
is to laterally seal the layer 3 having a high 
21 dielectric constant in the region 6* and the dielectric 
layer 1 in the region of the depression walls. The 
process temperature during the deposition of the layer 
9 is typically ^OC'C and is tolerated by the layer 4* 
which is stable at high temperatures, without 
3C degradation effects . 

ks illustrated in Figure 2L, the next process step that 
follows is renewed etching similar to that in the case 
of a spacer etching for the purpose of uncovering the 
21 zop side of the perforated mask layer 4* and also the 
bottom of the depression 8'. The upper edge of the hole 
in the layer 4* is also shortened during this etching 
process. As shown in Figure 2E, this etching process is 
continued until the bottom of the depression 8' has 


# ♦ 

- 8 - 

reached the interface -2 with the silicon substrate. 
Afterward, as shown in Figure 2F, the layer 4' is 
removed (stripping) . 


5 Afterward, 05/TEO£-SiG2 is deposited selectively again, 
as is shown in Figure 2G and designated by the 
reference numera: IC. This selective 03/TE0S"SiO2 
deposition is explained in detail in German Patent 
No. 19 528 746, according to which exclusively the top 

10 side of the layer 3 having a high dielectric constant 
and the side wall of the contact hole 8 are coated, 
whereas no deposition whatsoever is effected at the 
bottom of the contact hole 8. This is followed by a 
process step (not illustrated) according to which the 

15 contact hole 8 is subjected to an af tertreatment in 
order to remove possibly damaged material of the 
silicon substrate at the bottom of the contact hole and 
to metallize the contact hole. 


20 The method according to the invention as shown in 
Figures 2A to 2G accordingly allows, in a single 
lithography level, the introduction of a contact hole 
without contamination of the monocrystalline silicon 
substrate at the bottom of the contact hole. 


